Introduction {#S0001}
============

Keloids are benign fibrous skin proliferations, which develop after a skin injury. Similar to hypertrophic scars, keloids are the result of a fibroproliferative disorder in the reticular dermis.[@CIT0001] Contrary to hypertrophic scars, the main clinical characteristic of keloids is the tendency to invade the healthy skin and to extend beyond the initial wound limits. They form an indurate, raised firm mass with irregular margins, which may increase in size over the years. Their surface is glabrous, hypo- or hyperpigmented, smooth or bumpy, sometimes giving them a tumor-like appearance.[@CIT0002] They can also be responsible for itching and pain and may appear after several months or even years of the initial injury. The epidemiology of keloids varies greatly according to the Fitzpatrick skin type, with an incidence ranging from 4.5% to 16% in type VI Fitzpatrick skin type to only 0.09% in type I.[@CIT0003] The most frequently affected areas are the upper parts of the body, the pubic region and the ears (especially the lobules).[@CIT0002]Figure 3Jugal keloid. Before and after treatment result at 13 months' follow-up.Figure 4Auricular keloid. Before and after treatment result at 2-year follow-up.

The pathophysiology of keloids and hypertrophic scars remains unknown. The activity of fibroblasts, extracellular matrix components, growth factors and cytokines, as well as immunological and genetic factors, have been studied in order to delineate the molecular basis of excessive fibrosis leading to the formation of these pathologic scars. In vitro, keloid fibroblasts react abnormally to stimulation and show a greater synthesis capacity of collagen (mainly type I), elastin, fibronectin and proteoglycans.[@CIT0004],[@CIT0005] By contrast, hypertrophic scar fibroblasts respond normally to growth factors and show only a slight increase in collagen production.[@CIT0006],[@CIT0007] Several studies have demonstrated the association of high levels of TGF-β), insulin-like growth factor-1 and platelet-derived growth factor with an increase in collagen synthesis by keloid fibroblasts.[@CIT0008],[@CIT0009] However, the hypothesis of the involvement of immunological and genetic factors in the formation of pathological scars remains very contradictory according to the literature.[@CIT0010],[@CIT0011]

Histologically, hypertrophic scars and keloids are both mono- and multinodular dermal formations composed of bundles of collagen in which no elastic fibers are found. This nodular architecture makes it possible to distinguish them from non-pathological scars, which are characterized by a horizontalization of the collagenic dermal bundles without nodular formation. Moreover, in pathological scars, there is an excess of dermal collagen compared to healthy skin and normal scars. Simple histological criteria exist to differentiate hypertrophic scars from keloid scars.[@CIT0012] Keloid scars have indurated hyalinized and homogeneous collagen bundles. These beams are not organized parallel to the epidermis, but in clusters. Hyalinization is a pathognomonic sign that distinguishes them from hypertrophic scars.[@CIT0013]

Keloids present a physical and esthetic discomfort with significant psychological and social repercussions and patients are often highly motivated to undergo even aggressive therapies. The goals of treating keloids are the elimination of symptoms and improvement of the esthetic aspect of the scar without any recurrence. Non-invasive and invasive treatments have been extensively described, such as medical ointments,[@CIT0014] compression[@CIT0015],[@CIT0016] and occupational therapy,[@CIT0017] intralesional injections of corticosteroids,[@CIT0018] non-steroidal products,[@CIT0019],[@CIT0020] surgical excision,[@CIT0021] laser treatment,[@CIT0022],[@CIT0023] intra-lesional cryotherapy,[@CIT0024],[@CIT0025] and postoperative radiotherapy (PORT).[@CIT0026]

Recurrence is a common clinical feature. Surgical excision is the most radical therapeutic option, but the recurrence rate after simple excision is generally over 50% at 1-year follow-up.[@CIT0027] The combination of surgical excision with corticosteroid injections has been proposed, but still leads to an important recurrence rate of 30--50%.[@CIT0028] Treatment combining surgical excision and adjuvant PORT has emerged as the method of choice, with a relatively low recurrence rate ranging from 6% to 27% according to the literature.[@CIT0029],[@CIT0030]

Nevertheless, there is a considerable variation in radiotherapy protocols that can be used postoperatively with different fractionation schedules, radiotherapy techniques and interval times between excision and PORT. In addition, in some PORT series, patients received additional injections of corticosteroids, thus adding another bias to the analysis of the final outcome. Destruction of fibroblasts by radiation without replacement by bloodborne cells from distant tissues has been proposed as a possible mechanism explaining the efficacy of PORT. The most favorable treatments are clearly related to a short time interval between surgical excision and PORT (reduction of an accelerated repopulation of fibroblast and induction of apoptosis).[@CIT0031] Moreover, a clear dose--effect relationship has been described,[@CIT0030] with higher biologically effective doses associated with a lower risk of recurrence.[@CIT0032]

In this retrospective study, we analyzed the intra-institutional results of the surgical excision of keloid scars combined with a standardized adjuvant radiotherapy protocol delivered in the immediate postoperative setting among patients at high risk of recurrence. We describe the outcomes of this combined treatment, together with patient and observer satisfaction rates. Complications and the recurrence rate are also compared with the available literature.

Materials and methods {#S0002}
=====================

Study design and patients {#S0002-S2001}
-------------------------

From 2005 to 2014, a total of 30 patients with 36 keloid lesions benefited from intralesional excision of a keloid scar and adjuvant PORT at the Division of Plastic, Reconstructive and Esthetic Surgery, Geneva University Hospitals (Geneva, Switzerland). Inclusion criteria were the presence of a keloid lesion confirmed by histopathological examination, the absence of concomitant local or systematic treatments that could interfere with the healing process, age \>18 years, an absence of serious health conditions and a follow-up of \>1 year. Data collected from plastic surgery and radiation-oncology medical charts included demographics, location of keloids, previous treatments, description of initial scars, and patient complaints. Each patient underwent a preoperative consultation with the surgeon and the radio-oncologist where the risks and benefits of the combined treatment were clearly explained. The protocol was reviewed and approved by Geneva University Hospitals institutional review board for scientific research (\#GE14-158). Written informed consent for the use of the data collected as well as their images was obtained from all participants.

Radiotherapy protocol {#S0002-S2002}
---------------------

All patients were treated with PORT as the only adjuvant treatment following keloid excision. A 6-MeV electron beam technique was used in all but one patient who was treated with 100 kV X-rays. The delivered dose was 15 Gy in three daily fractions of 5 Gy (biological equivalent dose = 23.8 Gy) applied with a 1--1.5 cm margin around the surgical scar. A 0.5 cm tissue-equivalent bolus material was used in patients treated with electrons to achieve a homogeneous and precise depth dose distribution. The first PORT fraction was delivered within 2 hrs after surgical excision, followed by two other daily fractions for an overall treatment time of 3 days. Customized tailored blocks were prepared to shield the surrounding skin and spare organs at risk in proximity of the keloid scar. The region underneath the earlobes was shielded to avoid irradiation of the mastoid. All patients were treated on an outpatient basis.

Outcome evaluation {#S0002-S2003}
------------------

Patients were reviewed at 2- and 6-week follow-up and then every 3 months. Patients and the surgeon evaluated each scar using the Patient and Observer Scar Assessment Scale (POSAS),[@CIT0033],[@CIT0034] a well-established scar assessment tool that incorporates the subjective symptoms of pain and pruritus reported by patients, as well as the objective description of the lesion by the observer. The percentage of complications due to surgery or radiotherapy, the rate of pain and pruritus relief and the recurrence incidence were evaluated using the Common Terminology Criteria for Adverse Events (CTCAE) v3.0 grading scale.

Results {#S0003}
=======

Patient characteristics {#S0003-S2001}
-----------------------

Among the 30 patients, only 10 met the inclusion criteria and accepted to participate in the study. Sixteen keloids were treated (6 men; 4 women; average age, 34.5 years \[range, 19--56\]). Eight patients (80%) had already undergone one or more treatments; six patients with cortisone infiltrations and two with an excision of their keloids, as well as cortisone infiltrations. Two patients presented Fitzpatrick skin type II, 1 patient, type III and 7 patients, type VI. Fifty percent of treated keloids were cervical, 25% auricular, 12% in the trunk region including the upper limbs and 13% pubic ([Figure 1](#F0001){ref-type="fig"}). Median surface size was 5.14 cm^2^ (range, 1.2--25). Twenty-five percent of lesions were not symptomatic and they were removed for esthetic reasons. Among the symptomatic lesions, the main symptom was pain in 37.5% of cases and pruritus in 62.5%.Figure 1Keloid localization.

Treatment efficacy {#S0003-S2002}
------------------

Mean follow-up was 37 months. According to the POSAS, the mean overall patient satisfaction rate was 1.7/10 (score of 10 being the worst), similar to the observer mean (1.7/10) ([Table 1](#T0001){ref-type="table"}). [Figures 2](#F0002){ref-type="fig"}--[5](#F0005){ref-type="fig"} illustrate some cases with an excellent POSAS score after a mean follow-up of 18 months. Only one recurrence was observed among the 16 lesions treated (6%). This recurrence appeared 6 months after treatment in the pubic zone of a 37-year-old woman, probably due to repetitive mechanical traumatic hair removal performed by the patient.Table 1Patient and observer evaluation using the Patient and Observer Scar Assessment Scale (POSAS)POSAS: patient evaluation -- mean values \[range\]No complaints 1 2 3 4 5 6 7 8 9 10 Worst imaginable symptomsPain1.2 \[1--10\]Itching1.8 \[1--10\]Normal skin 1 2 3 4 5 6 7 8 9 10 Different/worse scarColor1.8 \[1--10\]Stiffness1.8 \[1--10\]Thickness1.8 \[1--10\]Irregularity1.8 \[1--10\]Overall opinion1.7 \[1--10\]POSAS: observer evaluation (mean, SD)No complaints 1 2 3 4 5 6 7 8 9 10 Worst scar imaginableVascularity1.8 \[1--10\]Pigmentation1.6 \[1--10\]Thickness1.8 \[1--10\]Relief1.8 \[1--10\]Pliability1.8 \[1--10\]Surface area1.6 \[1--10\]Overall opinion1.7 \[1--10\] Figure 2Auricular keloid. Before and after treatment result at 2-year follow-up.Figure 5Forearm keloid. Before and after treatment result at 2-year follow-up.

Complications: adverse events {#S0003-S2003}
-----------------------------

Erythema as an early adverse event of radiotherapy was observed in 12.5% of lesions treated, with spontaneous disappearance at 1--2 weeks after radiation (Grade I according to the CTCAE v3.0 grading scale). No major complications were observed.

Discussion {#S0004}
==========

At present, there is neither a satisfactory therapeutic solution nor a real consensus for the management of keloids. The relapse rate has been significantly associated with the failure of previous treatments, low growth rate of the lesion, high body mass index, as well as low patient compliance with treatment.[@CIT0035] Intralesional excision of keloids in combination with adjuvant radiotherapy appears to be a promising treatment with a recurrence rate of 6--27%. However, published reports show a substantial heterogeneity in the inclusion criteria, the therapeutic protocol and the analysis of results. In our study, recurrence is defined as the reappearance of the keloid lesion without objective or subjective improvement, whereas there is no clear definition proposed in the literature.[@CIT0036] Moreover, we confirmed the diagnosis of a keloid lesion histopathologically, unlike other reports.[@CIT0037]

By contrast to previous studies, we used the same radiotherapy protocol for all lesions, with particular attention to start the PORT within 2 hrs following surgical excision and with radiation fields strictly confined to the keloid region. The rapid application of PORT after surgery may explain the low recurrence rate observed in our series. Apoptosis induction and the prevention of an accelerated repopulation of fibroblasts may be considered as the pathophysiological mechanisms linked to the efficacy of PORT.

Another theory is that since the endothelial cells are more sensitive to radiation than the fibroblasts, PORT acts by suppressing angiogenesis and the formation of dysfunctional blood vessels in decreasing the local chronic inflammation,[@CIT0038] as well as interfering with the pathological expression of local inflammatory mediators like lymphocytes and macrophages.[@CIT0039]

Moreover, our PORT schedule represents a good compromise to ensure good local control and low toxicity rates. Overall, very good cosmetic results were observed in our series with only mild acute side-effects.

The risk of carcinogenesis due to radiotherapy is the main reason for current disagreement regarding its use as an adjuvant treatment of keloids. Indeed, there does exist a low stochastic risk of radiation-induced secondary cancers, even if only sporadic cases have been reported in the treatment of keloids with PORT.[@CIT0040] Although Ragoowansi et al estimated a crude risk of one case for 1,300 treated keloids,[@CIT0041] a clear quantification of this risk is difficult. Similarly, a clear association between PORT and cancer induction remains difficult to prove in individual cases. Although it may seem a disproportionate measure, PORT is well accepted as a modern treatment option with minimal risks.[@CIT0042] Moreover, the frustration and desperation of patients who present with recurrent lesions, together with the significant physical and psychological impact in their everyday activities, must be taken into serious consideration. In addition, the use of customized treatment fields, the relatively low PORT doses, and a particular attention to protect surrounding tissues, such as in our series, should theoretically narrow the risk of carcinogenesis and complications in the short- and long-term period.

Our results present strong evidence that this specific protocol of a combined therapy is efficient and may offer the lowest recurrence rates among other treatment modalities. The main limitations are the low number of participants in a single center and the relatively "short" long-term follow-up that can be explained by a problematic visiting compliance of the population in our region. Indeed, after a short stay in our area, most patients are relocated to other parts of the country, thus rendering the follow-up difficult. The absence of a control group is another limitation. For these reasons, a larger prospective study including a control group is needed to confirm our data.

Most patients opting for combined surgical excision and PORT either present with recurrent keloids after therapeutic failures or are at high risk of recurrence. Despite the study limitations, we showed that this combined approach is an effective treatment with a satisfactory esthetic result and an acceptable low rate of recurrence.
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